Abstract-Around a quarter of neurons in laminae I-II of the dorsal horn are inhibitory interneurons. These play an important role in modulating somatosensory information, including that perceived as pain or itch. Previous studies in rat identified four largely non-overlapping neurochemical populations among these cells, defined by expression of galanin, neuropeptide Y (NPY), neuronal nitric oxide synthase (nNOS) or parvalbumin. The galanin cells were subsequently shown to coexpress dynorphin. Several recent studies have used genetically modified mice to investigate the function of different interneuron populations, and it is therefore important to determine whether the same pattern applies in mouse, and to estimate the relative sizes of these populations. We show that the neurochemical organization of inhibitory interneurons in mouse superficial dorsal horn is similar to that in the rat, although a larger proportion of these neurons (33%) express NPY. Between them, these four populations account for $75% of inhibitory cells in laminae I-II. Since $25% of inhibitory interneurons in this region belong to a novel calretinin-expressing type, our results suggest that virtually all inhibitory interneurons in superficial dorsal horn can be assigned to one of these five neurochemical populations. Although our main focus was inhibitory neurons, we also identified a population of excitatory dynorphin-expressing cells in laminae I-II that are largely restricted to the medial part of the mid-lumbar dorsal horn, corresponding to glabrous skin territory. These findings are important for interpretation of studies using molecular-genetic techniques to manipulate the functions of interneuron populations to investigate their roles in somatosensory processing. Ó 2017 Published by Elsevier Ltd on behalf of IBRO.
INTRODUCTION

19
The spinal dorsal horn receives sensory input from a wide 20 variety of primary afferents, including nociceptors, 21 pruritoceptors, thermoreceptors and low-threshold 22 mechanoreceptors, and these terminate in a highly 23 organized pattern within specific laminae (Todd, 2010, 24 2017; Abraira and Ginty, 2013; Braz et al., 2014) . The 25 incoming sensory information is processed through com-26 plex synaptic circuits before being transmitted via projec-27 tion neurons to the brain (for conscious perception), as 28 well as to neurons involved in spinal reflex pathways. 29 The main components involved in these modulatory cir-30 cuits are local interneurons, which are extremely numer-31 ous, and are thought to constitute around 99% of the 32 neurons within the dorsal horn (Abraira and Ginty, 33 2013). Dorsal horn interneurons can be divided into two 34 broad functional classes: inhibitory neurons, which use 35 GABA and/or glycine as their principal fast transmitter, 36 and excitatory (glutamatergic) neurons (Todd et al., 37 2003; Yasaka et al., 2010; Zeilhofer et al., 2012) . tative studies in the mouse have shown that the inhibitory pain and itch, and loss of this function is thought to con-43 tribute to pathological pain states (Yaksh, 1989; Coull 44 et al., 2003; Sandkuhler, 2009; Kardon et al., 2014;  classes, based on the expression of certain 48 neuropeptides and proteins (Todd, 2010 (Todd, , 2017 Braz 49 et al., 2014) , and there is increasing evidence that these 50 neurochemical classes correspond to functional popula-51 tions. For example, they differ in laminar location, which 52 is likely to reflect specific patterns of primary afferent input 53 to each class, and in their responses to noxious stimuli 54 (Polgar et al., 2013b) . In 2011, we identified four largely is known about the sizes of these populations, or the 88 extent to which they overlap. Indeed, there appear to be 89 some species differences, because unlike the situation 90 in the rat, nNOS and galanin show significant overlap in 91 the mouse (Iwagaki et al., 2013; Kardon et al., 2014) . 92 The main aim of this study was to define and quantify phin (Sardella et al., 2011a , Kardon et al., 2014 (Rexed, 1952; Molander et al., 1984; Todd et al., 1998) 201 or by staining for protein kinase Cc (PKCc), which labels 202 a dense plexus of dendrites that extends ventrally as far 203 as the lamina II/III border (Hughes et al., 2003 interneurons (Rowan et al., 1993 for the presence of Pax2 staining in the nucleus.
263
We also examined sections that had been reacted 264 with antibodies against NPY, nNOS and parvalbumin, in receives input from hairy skin (Takahashi et al., 2003) . 
295
Many of the dynorphin-positive inhibitory interneurons 296 also contain galanin (Brohl et al., 2008; Sardella et al., 297 2011a), and virtually all galanin-containing cells express 298 the somatostatin receptor sst 2A (Iwagaki et al., 2013; 299 Polgar et al., 2013b) . In order to assess the extent of colo- 
RESULTS
374
Quantification of NPY cells
375
The distribution of NPY-immunoreactivity in the mouse 376 dorsal horn was the same as that reported previously in 377 both mouse and rat (Hunt et al., 1981; Gibson et al., 378 1984; Rowan et al., 1993; Solway et al., 2011; Iwagaki 379 et al., 2016) (Fig. 1a) . Immunoreactive axons formed a 380 dense plexus in laminae I-II, and were more sparsely dis-tributed in deeper laminae. Occasional dense bundles of 382 axons were also seen in laminae III-IV, and it has been 383 shown previously that these are associated with the den-384 dritic trees of projection neurons belonging to the antero-385 lateral tract (Polga´r et al., 1999; Cameron et al., 2015 (Abraira et al., 2017) . Based on this, we estimate that par- inae (Fig. 4) . although a few excitatory cells were present in the medial part of lamina III (Fig. 5b) ( Fig. 7a-c) . population in the rat (Polga´r et al., 2011) . Although there 649 may be a significant species difference in the proportion 650 of inhibitory interneurons that express NPY, a more likely (Antal et al., 1990; 699 Laing et al., 1994; Hughes et al., 2012; Abraira et al., 700 2017). Hughes et al. (2012) 
